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RCAS-shRNA-sizzled 干扰病毒。4）病毒感染 18~24h 鸡胚，表型分析。5）Sizzled
相关基因 Bmp2，Colloid，GATA2 等表达分析。 
 
 实验结果：cSizzled 在胚胎发育至 3体节以前，表达部位与内皮前体细胞发
生部位重叠。在我们分离的血管内皮细胞上，也检测到 cSizzled 的表达。为研
究 cSizzled 功能，制备 RNAi 病毒感染早期鸡胚的 sizzled 表达部位，在发育
后期出现卵黄囊血管发育不良，分支减少，胚胎脑部发育不良等现象。初步表明，
Sizzled 在血管等系统的发育过程中，发挥一定作用。 
关键词：鸡 Sizzled; 血管系统发育; 鸡胚；RNA 干扰
 


















The vascular system is indispenable for normal metabolism and functions of all 
organs and tissues in the way that it distributes nutrients and removes metabolic 
wastes. This system is in fact the first function organ system for higher organisms. Its 
development consists of multiple processes including vasculogenesis, angiogenesis, 
and arteriogenesis.  
 
The formation of the functional vasculature is achieved by intricate control of 
multiple gene families. In the last two decates, breaking-throughs in the field of 
vascular biology have distinctly sketched out the mechanisims of the vascular 
development with the integration of crutial signaling pathways into the process of 
vessel formation. However, little progress has been made for mechanisims concerning 
the endothelial cell differentiation; and it is also not clear how angioblasts are 
differentiated from mesoderm cells 
 
By using cDNA subtractive technology, we have cloned some genes possibly 
specific to angioblasts and endothelial cells from 24h chicken embryos. The gene 
most frequently appeared, represent a gene that has not been found in mammalians, 
but share higher homologous to Xenopus Sizzled (xSizzled) and zebrafish Sizzled 
(Ogon) than the Crecent, a gene in fowls most closed to xSizzled. We named the gene 
chicken Sizzled(cSizzled) as chicken ortholog of xSizzled. Primary in situ 
hybridization results revealed that the gene is expressed in the position overlapping 
the place where the hemangioblasts or angioblasts emerge. We thus assumed that this 
gene is possibly involved in the differentiation of endothelial cells in the process of 
the vascular system development. The present study aims to exam the dynamic 
expression and function of this gene in hoping to provide new understanding to the 
mechanisms of endothelial cell differentiation and vascular development. 
 
 
Experiment：1）cSizzled dynamic expression analysis; 2）Chicken endothelial cell 
isolation, and double immunostaining analysis of cSizzled expression with sizzled and 


















Results：cSizzled is expressed in the site where the endothelial progenitor cells emerge 
before 3-somate stage; cSizzled is also detected in the isolated vessel endothelial 
progenitor cells; With The RNAi treatment achieved by RCAS vector virus infection, 
the chicken embryos display decreased number and enlarged diameter of vessels in 
the yolk sac vessel and malformation of the brain. Therefore, the study revealed for 
the first time roles of the cSizzled in the development of the vascular system and 
brain. 
 














































































1.2  Sizzled 的结构和功能 
1.2.1  Sizzled 的发现过程 
 Sizzled 基因 早是 1997 年 Kirschner, M.W.等人在非洲爪蟾（Xenopus）中发
现，它与 Frizzled 受体的胞外半胱氨酸富集区高度同源，因而得名为分泌型
Frizzled 即（Secreted Frizzled）。它也因此和其他有类似结构的分泌型 Frizzled 相
关蛋白（screted Frizzled proteins, sFRPs）归为一类 [5]。sFRP 通过与 Frizzled 竞
争性与 Wnt 结合而抑制 Wnt 信号向细胞内传递。但近期研究表明 Sizzled 基因并
不直接参与 Wnt 信号通路，而是通过 BMP 信号通路中发挥调控胚胎背腹发育的
功能。Sizzled 目前在低等后口动物如非洲爪蟾（Xenopus），墨西哥钝口螈 
(Ambystoma mexicanum), 斑马鱼(Zebrafish)，绿色河豚 (Tetraodon nigroviridis)，
鸟类鹌鹑 (Quail)，斑胸草雀 (Taeniopygia guttata) 中都有发现（信息来自 NCBI 
核苷酸比对）。但在高等哺乳类动物和原口动物中均未发现[6][7]。 
1.2.2  鸡 Sizzled 基因的结构特点  
鸡的 Sizzled（chicken Sizzled）包含 871 个碱基，编码 286 个氨基酸。与在爪蟾和
斑马鱼的 Sizzled 比较可知，其 N 端接近 150 个氨基酸是半胱氨酸富集区的 FZ
结构域。在 sFRPs、羧肽酶 Z（CPZ）、跨膜丝氨酸蛋白酶、受体酪氨酸激酶、
Ror 家族和肌肉特异性激酶等家族都存在该结构域；cSizzled 的 C 端近 120 氨基
酸为 NTR 结构域，在 Netrin 分子的 C 末端、补体蛋白 C3, C4, C5 和原胶原 C 蛋
白酶增强子蛋白，以及 sFRPs 等家族中都存在（来源 NCBI 蛋白比对）。利用
Clustalw 进行核苷酸多重比对，cSizzled 与爪蟾的 xSizzled 同源性达 49%，与斑马
鱼 zSizzled 同源性为 41%(见图 1)。氨基酸同源性比较，与爪蟾氨基酸同源性 67%，
与斑马鱼氨基酸同源性为 45%（见图 2）。cSizzled 基因 N 端的半胱氨酸保守区比
对，与爪蟾氨基酸同源性为 78%，与斑马鱼同源性 60%（未显示）。进行基因组
定位分析发现，它与爪蟾相同，基因都定位在 MAPK12 和 TRABD 基因之间，















cSizzled        ---GTTGACTGCAAAAATACTTGTTTTCACTCTGAGTGTTTTCCTAGGAGTGGGCACAAG 57 
xSizzled        ---CTCGAGCATGACTGGAGTCTTCCTGCTCCTCTGCGCCTCCATGCTGGCCGCCGCCGC 57 
zSizzled        GTCTTCAGTGATGTCTCTATTCAGTCTGCTGCTGTTTTTCTCTCTCGCGGCCCACACCGG 60 
                    *             * *     *    **       *   *    *    * *    
 
cSizzled        ---TTTTGACATTGGATTATCCACCAAATGTGTAGTGATACCCAAGGAGATGGACATGTG 114 
xSizzled        ---CTTTGACATTGGATTATCCACCAAGTGCGTTCCCATTCCCAAAGAGATGGCCATGTG 114 
zSizzled        AGCCTTCGACCTGGGCCAGACCACCCGCTGCGTCCCCATCCCGCCACAGATGAGCGTCTG 120 
                    ** *** * **     *****   ** **    ** **     *****  * * ** 
 
cSizzled        CCACGAGATTGGGTACTCCGAAATGAGGCTTCCCAACCTGATGGGACACACAAGCATGGC 174 
xSizzled        CAATGACGTCGGCTACTCGGAGATGCGGTTGCCAAACCTGTTGGGACACACTAACATGGC 174 
zSizzled        CCAGGATGTCCCGTACTCAGAGATGCGTTTACCCAACCTGCTGGGTCACGGCAGTCTGGA 180 
                * * **  *    ***** ** *** *  * ** ****** **** ***   *   ***  
 
cSizzled        AGAGGTCGTCCTAAAATCCACCACCTGGCAGCACCTGGTGCACACGGACTGTCACCCTCA 234 
xSizzled        AGAAGTCGTGCCCAAGTCAGCAGAGTGGCAGAACCTCCTACAGACCGGCTGCCACCCCTA 234 
zSizzled        GGAAGCGGCTCCTCGATCTGACGACTTGAGGACCCTGCTGCACACTGGCTGTCACCCGCA 240 
                 ** *  *  *     **       * *  *  ***  * ** ** * *** *****  * 
 
cSizzled        TGTGAGGATGTTCCTGTGCTCTCTGTTTGCACCCATCTGCCTGGACACGTTCATCCATCC 294 
xSizzled        TGCCAGGACCTTCCTATGCTCCCTATTCGCCCCAGTCTGCCTGGACACGTTCATCCAGCC 294 
zSizzled        GGCCCGGGCCTTCGTCTGCTCGCTCATCGCCCCTGTATGCCTCGACAGGTTCATCCAGCC 300 
                 *   **   *** * ***** **  * ** **  * ***** **** ********* ** 
 
cSizzled        CTGTAGGAGTATGTGCGTTGGTGTTCGGGACAGCTGCGCGCCTGTACTTGCCTGCCATGG 354 
xSizzled        CTGCCGCAGCATGTGTGTTGCTGTAAGAAACAGTTGTGCTCCAGTTCTGGCATGTCATGG 354 
zSizzled        ATGCCGGAGTGTGTGTTTGGCAGTAAAGGAGAGCTGCAGTCCCGTTCTAGCCTGTCACGG 360 
                 **  * **  ****  * *  **     * ** **    ** ** ** ** ** ** ** 
 
cSizzled        GCACACCTGGCCAGAAAGCCTGGACTGCAACCGGTTCCCTGCAGACGAGGACATGTGTCT 414 
xSizzled        GCACTCCTGGCCTGAGAGCTTAGACTGTGACAGGTTCCCAGCTGGGGAAGACATGTGTCT 414 
zSizzled        ACACTCCTGGCCTGAATCACTAAATTGTGAGCGATTCCC---GGAGCAGGACGACTGTCT 417 
                 *** ******* **     *  * **  *  * *****    *   * ***   ***** 
 
cSizzled        GGCATCGCTTACAAAGGAATACAAATACTT-GCACAAAGTCCTACCGAAGCCTGCATGCC 473 
xSizzled        GGACACTCTCAGCAAAGAGTATCAGTATGC-CTATAAAGAACTGCCAAAGCCAAGCTGCC 473 
zSizzled        GACGCCGCTGCCCAAACA-CATCAGTGCTTTCTCCAAAGAGTTCCCTCAGCCAGCATGTC 476 
                *    * **    **  *  *  * *         ****   * **  ****    ** * 
 
cSizzled        AGACCTGCCCAGCAGTGGAGGAACTCTTCACGCACAAAAGACTTCTTGAAGTTTTCTGTG 533 
xSizzled        AGGGCTGCCCACTTATTGAAGAATTCTTTTCACACAAGACAGTCTTGGAAGCTTTTTGTG 533 
zSizzled        AGAGCTGTCCATCAGTCCAGGAGTCTCCGTCACTCAAAACCCTGCTGGACTCGCTCTGCC 536 
















cSizzled        ACAGTAATTTCGCAGTGAAAGTAAAGCTGTCCAAAAAAAGAGCAGTAATCGGCGACCAAG 593 
xSizzled        ACAATAACTTTGCTGTTAAAGTGAAATTGGCAAAGAAGAAAACAACTTCAGGACTTCATG 593 
zSizzled        TCAACGACTTCGCGGTGAAGGTGAAGATCATGCGTCGGCGTGTGCCGTCTTCCGAGCCGG 596 
                 **   * ** ** ** ** ** **  *                            *  * 
 
cSizzled        AGTACAGCATTGAATGCCATGTGGAATTCATTACCCAGGGCTCACTCTTGCCTTATGAAA 653 
xSizzled        AATATGAGACCGAAGGCCCAGTTGAGTTCATTAAACAAGGTCTGCTCCTTCCATATGACA 653 
zSizzled        AGTTTACAGTAGAGGGCGCTGTGGAGCTGATCGAGCGCGGGCCGCTAATGCCCTATGACA 656 
                * *        **  **   ** **  * **    *  **    **  * ** ***** * 
 
cSizzled        CTCAGCACATGATACAGCAATGGCTGCTCATCAATGAAAACTGTACACAGAGGATGACTC 713 
xSizzled        CACGTACCATGATTGAACAGTGGCTGCTGATTAATGAGAATTGTGCTCAGAAGCTGATAC 713 
zSizzled        CCGCTAGTCTGCTGCAGCGCTGGATGCTAATCAACCTCCGCTGTGCGCATGCGCTAGTCA 716 
                *        ** *  * *  *** **** ** **       *** * **   * *      
 
cSizzled        AAACCCATCGTCCTACGGTGTATCTCCTTGTAGGGAAGAT---TGAGGAGGGTATCATTT 770 
xSizzled        GGA---ACAGACCCACAGTGTATGTTATTGCTGGTGACAT---CCATCATGGAAAGGTTA 767 
zSizzled        GACCCGGCCGTGCGCAGTTATACCTCATCACCGGGAAAATGCGTGCTGGTGGATCCATCG 776 
                         *  *     * **  *  *    **  * **          **     *   
 
cSizzled        TAGTAAATCAGATTTATCACTGGCAGAGGAGGGACTCCCAGCTGACTTTGGCCACTCAGA 830 
xSizzled        AAGTCAACAGGGTTTTCCACTGGCAGAAAAAGGACTCTCAGCTGACACTTGCCACAAGGA 827 
zSizzled        AGATCGCTAATCTGTTCCCGTGGCTGAAGAAAGACTTGCACATCGCCACGGCAACACGCA 836 
                   *        * *  *  **** **  *  ****  **  *  *    ** **    * 
 
cSizzled        AGTGGAGGTACCATAAATGCTTGTAAATATTTA---TCGTATTACT---TGTAAAAA-GC 883 
xSizzled        GGTGGAGACACCATAAATGTTAATACAGTTCTT---GTACTTCACTGTATGTAAATACAC 884 
zSizzled        AGTGGAAACACTACAAGTGCTGAGAGAAAGCGCAACTTATGTATATATTTATAAAAATAT 896 
                 *****   ** * ** ** *   * *              *   *   * **** *    
 
cSizzled        TTATTACACTTCTTATGCCG-AACTTATCTTGTAAATAAGAATGTAC-CATAAGTGGCAT 941 
xSizzled        AAGGCACTCTTTTTTAAAAG-GACTATAAATATATATATATATATATATATATATATATA 943 
zSizzled        AGAAAAAAGACTTTGAAGAGTGATGTGAAGTCCAGATGTTGAGCTTT-TATTTCAGTATG 955 
                     *      **     *  *       *  * **    *  *    **          
 
cSizzled        GTAAAATCTTTGTTTCCTTTTAAACTGTATTATAAATTGAACTTAGATCCAGTGTCATCA 1001 
xSizzled        GTAAAACATAAAGACTTATTATAACAGCTGGATTGAGCGCATCCCATTACCATGC--TGA 1001 
zSizzled        TTGACGTACT---TCCAACTGAAACTGAATATTAAGCAGGGGGGTGGGGCTTATTTTTGC 1012 
                 * *               *  *** *     *     *          *       *   
 
cSizzled        GGCCTACTTTCTA-CAGTATTTTAGCTATT-TGTGAA----GTTTTAACTTGGTAA---- 1051 
xSizzled        AGAGGAAATACTA-TAAAATTGCAGCAATTATATGAACATTGTATAAACTGAGCAAATAT 1060 
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